Background: Pediatric patients attended to by emergency medical services (EMS) but not transported to the
O ut-of-hospital scene responses without transport to the hospital represent a medical, administrative, and legal challenge for emergency medical services (EMS). In studies of adult populations, rates of nontransports have been reported from 5% to as high as 48% of EMS responses. [1] [2] [3] Previous investigators have found that between 2 and 16% of patients refusing transport require subsequent hospitalization, 1, [4] [5] [6] potentially representing a missed opportunity in patient care. Additionally, nontransports account for one of the most commonly reported reasons for malpractice claims against EMS agencies and personnel. 7, 8 In this setting, pediatric nontransports represent an additional medicolegal challenge. While there are some data on adult nontransports, data on pediatric nontransports are more limited. Children constitute approximately 7% of EMS responses in the United States. 9 Rates of pediatric nontransport have been reported in between 19% and 28% of EMS responses. [10] [11] [12] Up to 10% of pediatric patients not transported by EMS may require subsequent hospitalization, a figure similar to the above-mentioned adult studies. 13 Children are an inherently at-risk population; caregivers must advocate for them due to limits in communication and minority legal status. Due to this reliance on caregivers, combined with a limited ability to engage in decision making directly with the patient and complex legal implications, pediatric refusals are especially challenging for EMS personnel. To date, previous evaluations of pediatric nontransport have been limited by small sample size 10, 11 or have been unable to control for potential confounders. 12 For example, while patients with trauma are associated with a higher rate of nontransport, 12 it is unknown if this association persists after accounting for patient age or sex, factors that are also closely associated with trauma. A larger and more detailed analysis of nontransports may be able to better identify factors associated with this outcome. Better data on risk factors for pediatric nontransport are needed to inform the medical decision making surrounding refusal protocols and ensure that these protocols adequately identify those who should be transported. Additionally, identification of high-risk subgroups may identify areas that can better inform medical decision making as part of refusal protocols addressing these patients.
We aimed to evaluate potential risk factors associated with pediatric nontransport by EMS with the goal of identifying if specific patient characteristics, timing of EMS contact, scene factors, and geographic factors were associated with higher rates of transport refusal. We hypothesized that certain subgroups may be at higher risk of nontransport compared to transported pediatric patients.
METHODS

Study Design and Setting
We performed a retrospective review of ground EMS scene responses by 24 urban, suburban, and rural EMS agencies in a regional EMS system of Western Pennsylvania between January 1, 2014, and December 31, 2017. These EMS agencies receive centralized medical oversight and have research data use agreements with the University of Pittsburgh Medical Center. This study was approved by the University of Pittsburgh Institutional Review Board with a waiver of informed consent.
Emergency medical services medical care and the management of nontransports is outlined in statewide EMS protocols. By protocol, refusals of transport are initiated by the patient (if ≥ 18 years of age) or guardian. The agencies and protocols within our EMS system do not support provider-initiated refusals. Therefore, refusals are principally because upon assessment, the patient or parent/guardian declines transport to the hospital. All refusals involving minor patients require discussion with online medical direction. Upon discussion with a physician, if the patient or guardian understands the clinical situation and is able to understand the risks of nontransport, then the patient may not be transported to the hospital (Figure 1) . The Pennsylvania refusal protocol is similar to recommendations in the National Model EMS Clinical Guidelines.
14 During the study period, there was no change in the statewide refusal protocol. 
Data Source and Selection of Participants
We obtained data from a National EMS Information System-compliant electronical prehospital patient care record system (emsCharts, Warrendale, PA) used by all participating EMS agencies. Data were obtained from emsCharts in XML format and compiled into a research data set using Matlab (MathWorks) for extraction and Stata (StataCorp) for synthesis into a prehospital registry data set. We considered patients to be pediatric if they were < 18 years of age. We screened all patient reports from the participating EMS agencies over the study period and excluded cases if there was documentation of cardiac arrest or age, if the transport was between medical facilities, or if the EMS call was a scene assist (an additional EMS crew called to the scene to provide additional assistance but not providing primary care of the patient). Cardiac arrest was defined as any of the following: 1) documented provider impression of cardiac arrest, death, traumatic arrest, or dead on arrival; 2) documented outcome listed as funeral home, pronounced, dead, or coroner transport; 3) documented rhythm of asystole, PEA, pulseless, agonal, ventricular fibrillation, or ventricular tachycardia; 4) documented procedure of defibrillation or CPR; or 5) documented use of epinephrine as dosed for cardiac arrest.
Patient Demographics and Assessments
Patient demographics included age, sex, race, ethnicity, and medical complaint. Age was classified as neonates (≤30 days), infants (1 month to <1 year), toddlers (1 to <2 years), early childhood (2 to <6 years), middle childhood (6 to <12 years), and adolescent (12 to <18 years). Race was divided into categories of white, black, other, and unknown. Ethnicity was categorized as Hispanic and not Hispanic. Documented medical categories based on chief complaints were reclassified into 12 categories: general medical, trauma, respiratory, allergic, gastrointestinal, cardiovascular, neurologic, psychiatric, toxicologic, dizziness/syncope, other, and unknown. From each patient zip code, we abstracted median household income derived from the 2012 to 2016 American Community Survey 5-year estimates. 18 Income data were divided into four categories based on quartile.
EMS Assessments
Vital signs of maximum heart rate, respiratory rate, and lowest systolic blood pressure per age group were determined on the basis of age-related normal ranges as defined by Pediatric Advanced Life Support (ALS) guidelines. 19 We categorically abstracted if any vital sign (heart rate, respiratory rate, or blood pressure) was assessed on each patient. After converting all Fahrenheit measurements to Celsius, we defined fever as a measurement of ≥38.0°C. We defined oxygen desaturation as a recorded pulse oximetry < 95%. Additionally, we noted EMS impressions of history of loss of consciousness or altered mental status. We defined altered mental status as an EMS impression other than "alert" or a Glasgow Coma Scale < 15.
Transport Characteristics
Transport characteristics included year, season, day of week, and time of day of transport (classified into four time groups as 00:00-05:59, 06:00-11:59, 12:00-17:59, 18:00-23:59), response time (between dispatch and arrival to scene), time at scene (between arrival to scene and departure to hospital), transport time (between departure from scene to arrival at hospital), provider certification for the highest level of provider (basic life support vs. ALS), contact with online medical direction, administration of any medications, placement of a peripheral intravenous (IV) line, and use of a cardiac monitor or supplemental oxygen. Season was defined using meteorologic definitions (winter, January 1 to March 31; spring, April 1 to June 30; summer, July 1 to September 30; and fall, October 1 to December 31). Day of week was classified into weekend (Saturday and Sunday) and weekday (all others).
Data Analysis
We performed unadjusted analysis using univariate regression, followed by adjusted analysis using multivariable logistic regression to test associations of demographics, assessments, and EMS characteristics with outcome. Our outcome of interest was nontransport. Ethnicity and vital signs parameters were removed from the model due to a due to a >20% rate of missing data. We included variables in adjusted models if they had an unadjusted association with outcome significant at a threshold of p < 0.10. Results were presented as adjusted odds ratios (aOR) with 95% confidence intervals (CIs), taking p-values of <0.05 as significant. Statistical analysis was performed using R version 3.5.1 (R Foundation for Statistical Computing). Only cases with complete data were used in the final model. As a sensitivity analysis to incorporate cases with missing data, we conducted random forest imputation using the missForest package (version 1.4) for missing data and reperformed the logistic regression. (Figure 2) . Mean (AESD) patient age was 8.6 (AE6.2) years. Of those with a listed sex, 16,034 of 30,304 were male (52.9%). Characteristics of study subjects by transport outcome are provided in Table 1 .
Results of univariate and multivariable logistic regression are provided in Table 2 . Multivariable logistic regression revealed an increased odds of nontransports with the following characteristics: medical categories of trauma, respiratory, allergic, neurologic, toxicologic, or dizziness/syncope compared to the general medical category; presentation in years 2015, 2016, and 2017 compared to 2014; during all day periods compared to the times 00:00 to 05:59; and during the fall compared to winter. Contact with online medical direction and longer scene times were associated with a higher odds of nontransport.
Demographic factors associated with lower rate of nontransports included black race compared to white race and age groups 6 to <12 years, 2 to 6 years, 1 to <2 years, and 1 month to 1 year. A lower aOR of nontransport was found in patients with psychiatric complaints. Lower aOR of nontransports was seen in patients with any vital sign assessed, abnormal mental status, an ALS assessment, shorter response time, given medications, or oxygen; who had an IV line placed, or for whom a monitor was applied.
Results of a sensitivity analysis using data imputation for missing values had similar results. There was a higher aOR of nontransports in the zip code regions with the third highest income quartile compared to the highest income quartile (Data Supplement S1, available as supporting information in the online version of this paper, which is available at http://onlineli brary.wiley.com/doi/10.1111/acem.13652/full).
DISCUSSION
Using a multivariable regression model from a large regional data set, we found that nontransports were associated with traumatic and respiratory complaints. Nontransports were less likely in younger children and in patients with psychiatric complaints. Notably, the proportion of nontransports has increased over time without any changes made to statewide refusal protocols over the study period. These findings may be useful in identifying populations at greatest risk of nontransport and can facilitate the development of refusal protocols and prehospital triaging guidelines.
We found a rate of pediatric nontransports of 16.3%, similar to a rate of 19.8% identified by Gerlacher et al., 12 in a pediatric study evaluating children < 12 years of age in a single urban EMS system. However, higher pediatric nontransport rates have been previously reported as well: a rate of 28% was reported in a Canadian system 10 and rate of 27.2% was identified in a Detroit-based EMS network. 11 Our relatively lower rate may be attributed to a larger sample size and our evaluation of multiple EMS agencies, covering a broader range of urban and rural communities.
The higher odds of nontransport in patients with traumatic complaints has been previously described.
11,12 Similar findings have been described in adult nontransports. 3 Unlike previous investigators, we found that other categories associated with nontransport were those with toxicologic, cardiovascular, and dizziness/syncopal complaints. As some of these patients may have significant association with disease, including the potential for a delayed development of symptoms, these medical complaints may be important targets for EMS protocols and provider education addressing patient groups that are more commonly not transported. Similar to work by previous investigators, we found a lower rate of nontransport in younger children, 11, 12 which may reflect EMS inexperience with young children or increased parental apprehension at this age. We identified that black patients were at a lower risk of nontransports as compared to white patients. While rates of nontransports in Hispanic patients were noted to be lower by Gerlacher et al., 12 racial and ethnic attitudes toward nontransport have not previously been explored.
A variety of reasons have been hypothesized for nontransports. Our EMS system does not support provider-initiated nontransport. EMS is required to transport a minor to the hospital based on parental request, and refusal for transport requires agreement with both the provider and the guardian. In a surveybased study of parents who refused transport for their children, reasons provided for refusal of transport included parental desire to transport their child by private vehicle, apprehension about EMS transport costs, and a paramedic implication that transport was unnecessary. 13 Nontransports represent a significant burden to EMS systems. Our study suggested that nontransports were associated with a longer scene time compared to those patients who are transported, a finding that has been previously reported. 11 Given the high rate of medically unnecessary transports described in the literature, it is likely that many patients not transported to the hospital have low acuity of illness and are at low risk of adverse events. 2, 20, 21 However, a subset of patients not transported to the hospital may be at higher risk. Previous evaluations of triaging tools to identify low-risk patients in the prehospital setting have demonstrated an overall poor sensitivity. 22, 23 Patients refusing transports have also been found to have a poor understanding of the risks of refusing care. 5 While our own EMS system has a structured statewide protocol for patient refusals, many EMS systems lack adequate protocols or policies related to patient refusals. 24 Given the liability associated with nontransports and the significant burden caused by these events to EMS, further study is needed to identify the motivations behind nontransports, better risk stratify these patients, and determine the rate at which they receive appropriate follow-up. The findings from this study have multiple implications. The low rates of vital sign assessments and online medical direction contact in nontransport cases should prompt quality initiatives to improve these rates, as these are critical steps toward assessing the safety of patient nontransport. A low rate of pediatric vital sign documentation remains a crucial problem in prehospital pediatric care even among transported patients. 25, 26 While nontransported patients may generally be of lower acuity than transported patients, reporting of vital signs is an important component of patient assessments. These results can be used to inform EMS education aimed to identify at-risk patients to prevent adverse events. Furthermore, results of this study provide important baseline data to inform investigation into factors associated with poor outcomes following nontransport of pediatric patients, which can inform protocol revisions.
LIMITATIONS
This was a retrospective study that relied on previously collected data from a single EMS region in the United States. This study was unable to provide data on outcomes of patients who were not transported, including repeat calls to 911, later transport to the hospital, or whether they received appropriate follow-up with primary care physicians. While we performed statistical corrections, several variables had missing data. Despite these limitations, the evaluation of nontransports in a large granular EMS database provides additional data regarding disease and socioeconomic factors associated with risk of nontransport, which can inform future investigations and modeling to identify patients at highest risk from nontransport.
CONCLUSION
We found that 16.3% of pediatric patients evaluated by emergency medical services are not transported to the hospital, and the rate of nontransports appears to be increasing over time after accounting for potential confounders. Younger children, black race, and those with unstable vital signs or requiring interventions are more likely to be transported, whereas children with trauma, dizziness, and cardiovascular complaints are at a higher risk of nontransport. A better understanding of reasons for nontransport for these patients and the development of sensitive prehospital guidelines may serve to more safely stratify patients refusing hospital transport. 
